The short-necked clam, Tapes (=Ruditapes) philip pinarum, is widely distributed all over Japan and the most common and commercially important shellfish in the country. The census shows a rapid decrease in fisheries production of the clam in recent years. During the course of the research on the possible reasons for the deterioration of production, we noticed that some clams were infected with a Perkinsus protozoan, whose infec tion has not previously been reported in any shellfish in Japan.
Perkinsus atlanticus, a protozoan of the phylum Apicomplexa has been known to be a severe pathogen with highly destructive potential in clams belonging to the genus Tapes in Italy, Portugal, and Spain (Da Ros and Cazonier, 1985; Azevedo, 1989; Figueras et al., 1992; Sagrista et al., 1995 Sagrista et al., , 1996 .
In general, the diagnosis of Perkinsus infection in shellfish has been carried out by histological observa tion and/or by the culture of the tissue in Ray's fluid thioglycolate medium (RFTM, Chagot et al., 1987; Navas et al., 1992; Azoux-Bordenave et al., 1995; Rodroguez and Navas, 1995) . However, recent estab lishment of the polymerase chain reaction (PCR) tech nique made it feasible to develop a more sensitive and time-saving method than these conventional methods, and the PCR method has already been used for the diag nosis of P. marinus infection . In this study, we applied a PCR method to diagnose to Perkinsus protozoan infection in the clam.
In this article, we first report a Perkinsus protozoan infection of the short-necked clam in Japan by diagnos ing histological, cultural and molecular biological methods.
Materials and Methods

Animals
Thirty-two short-necked clams each, ranging in shell length from 28.6 to 38.9 mm, were collected at fishing and natural grounds in Kumamoto and Hiroshima prefecture, Japan in 1997. All the specimens were served for PCR analysis, among which 5 selected speci mens each from fishing grounds in Hiroshima and (Medlin et al., 1988) and ITS region (Goggin, 1994 A B with Lugol's iodine solution (Fig. 2) , indicating they are prezoosporangia of a Perkinsus protozoan.
Nucleotide sequence analysis of prezoosporangia All nucleotide sequences of either ssrDNA or ITS region of DNA prepared from the prezoosporangia obtained from fishing and natural grounds in Hiroshima and Kumamoto were identical (100%). The sequence of the prezoosporangian ssrDNA was almost identical (99.9%) with that of Perkinsus sp. reported by Goggin and Barker (1993) and 98.0 % similar to that of P. marinus (Table 2 ). The nucleotide sequence of ITS region of the prezoosporangia of both Hiroshima and Kumamoto was identical or almost identical (99.9%) to those of P. atlanticus, P. olseni and non-specified 2 Perkinsus isolates (Goggin, 1994) , and 88.0% similar to that of P. marinus (Fig. 3) .
Diagnosis by PCR
A profile of PCR-amplified DNA fragments from the Perkinsus protozoan-infected short-necked clam is shown in Fig. 4 . Results of diagnosis using PCR are summarized in Table 3 . Twenty-eight and 18 among 32 individuals from fishing and natural grounds, respectively, in Kumamoto were positive with the PCR assay. Thirty and 27 among 32 individuals from fishing and natural grounds, respectively, in Hiroshima were also positive with the PCR assay. All nucleotide sequences obtained from both prefectures were almost identical with that of the ITS region of P. atlanticus, P. olseni. and non-specified 2 Perkinsus isolates (Goggin, 1994) .
Discussion
The histological features of the clam in the present study resembled those of P. atlanticus infection in the carpet-shell clam, T. decussatus, from Portugal (Azevedo, 1989) and in the short-necked clam, T.
philippinarum, from the Mediterranean Sea (Sagrista et al., 1995 (Sagrista et al., , 1996 . Also, the culture method in RFTM revealed the existence of Perkinsus prezoosporangia in the clam tissues. In addition, the nucleotide sequences in the ITS region of the prezoosporangia of the present study was similar to those of P. atlanticus. Thus, Perkinsus protozoan parasite of the short-necked clam in two prefectures of Japan may be P. atlanticus or closely related species. Goggin (1994) demonstrated a similarity between the sequences of ITS region of 4 isolates of Perkinsus species from Portugal (P. atlanticus) and Australia (P. olseni and 2 other isolates) and suggested that they belong to a single species. Azevedo (1989) proposed ( Goggin and Barker, 1993) , and P. marinus (Fong et al., 1993 ) in short-necked clam Fig. 3 . Nucleotide sequennces of ITS and 5.8SrDNA gene of Perkinsus protozoa isolated from short-necked clam (Hiroshima and Kumamoto) in comparison with those of P. atlanticus and P . marinus. The sequences of P. atlanticus and P. marinus are obtained from Goggin (1994) . a new species of P. atlanticus for a Perkinsus protozoan parasite of Portugal carpet-shell clam. However, so far no reasonable morphological or taxonomical discrimination has been made between P. atlanticus and P. olseni. It is quite possible that they belong to the same species, since Perkinsus protozoans have rather wide host selectivity (Goggin et al., 1989; Perkins, 1996) . Because of these taxonomic dilemma we do not specify a species name for Perkinsus protozoan parasite of the short-necked clam at present.
However, we consider that the species is identical or very similar to P. atlanticus and P. olseni.
Histological observations indicated a wide range of damage in the connective tissue of all organs of the clam examined.
Severe focal parasitism in the reproductive organ also suggests a disturbance to the reproduction of the animal.
Pathogenicity of the parasite to the clam as well as the effect of the parasite on fishery production need to be studied urgently.
Establishment of a rapid and accurate diagnosis technique for Perkinsus protozoan for the short-necked clam is needed for the surveillance of the infection as well as for the possible inspection of imported clams. For the diagnosis of Perkinsus species, histological method , culture method using RFTM (Fisher and Oliver, 1996) , immunological method using Perkinsus-specific antibodies (Choi et al., 1992; Dungan and Roberson, 1993) , and molecular biological method have been proposed. Histological method has been commonly used. However, the method is not necessarily suited to process a large number of samples.
In addition, it may overlook very early stages of the infection . The culture method using RFTM is simple, but it has also disadvantages when processing many specimens and requires several days of incubation time. The culture method also has a disadvantage that it is unable to diagnose early stages of infection.
An immunological method using antibody has been established for P .
marinus (Choi et al., 1992; Dungan and Roberson, 1993) . The method, once it is established, is specific and rapid. However, there is some difficulty to develop antibody that reacts throughout all the developmental stages of Perkinsus protozoan since expressed antigens often differ by developmental stages. Moreover, cross reactivity with dinoflagellates, which are closely related to Perkinsus protozoa (Goggin and Barker, 1993; Reece et al., 1997) , is another obstacle for immunological methods (Choi et al., 1991) . These problems in establishing diagnosis technique have been thoroughly described by Vasta et al. (1995) . Diagnosis by PCR, based on the molecular biological method, is one of the most accurate methods with high ability to process a number of samples.
For protozoans of the genus Perkinsus, nucleotide sequences of various genes were obtained for the phylogenic analysis and identification of species (Fong et al., 1993; Goggin and Barker, 1993; Goggin, 1994; Marsh et al., 1995; Reece et al., 1997) . These data are useful to design the PCR primers for diagnosis of Perkinsus infection. Using these data the diagnostic method by PCR has been developed for P. marinus infection in oyster . However, PCR diagnosis except for P. marinus has not been developed yet. In this study, to establish a sensitive diagnostic method for the Perkinsus protozoan infection in the short-necked clam we adopted nested-PCR. We also utilized a commercially available DNA extraction kit for preparation of template DNA to make the procedure simple and applicable to a number of samples . It is generally known that the ITS region has a greater variation than the ssrDNA region, and has been proved to be useful in differentiating and diagnosing protozoan parasites, bacteria, and fungi (Holmdahl and Mattsson, Tang et al., 1997; Tooley et al., 1997) . In the present study, we also found a greater difference in sequence of ITS region than ssrDNA between Perkinsus protozoan of the short-necked clam and P. marinus. In our preliminary study, the difference between P. marinus actin gene reported by Reece et al. (1997) and that of Perkinsus prezoosporangia in the present study was also small (data not shown). Thus, we designed a pair of oligonucleotide primers in the ITS region. The results of PCR diagnosis using oligonucleotide primer PS-1 and PS-1R in the Perkinsus protozoan-infected clam were mostly in accord with those of culture method using RFTM in this experiment (data not shown), and the present PCR can analyze more than 150 samples per day in our laboratory.
Thus, the present PCR diagnostic method is considered accurate, sensitive and applicable to a number of samples.
There has been no report of Perkinsus parasitism in any species of shellfish including short-necked clam in Japan.
Whether the parasite originally existed in Japan or introduced from foreign countries by human activity is not known at present. However, in recent years a number of short-necked clams have been imported to Japan for seeds for culture as well as for human consumption. Thus, it is quite possible that the parasite has been introduced to Japan either with imported seeds or with clams for human consumption since no parasitic inspection has been done for these imported animals. Our preliminary survey for the prevalence of infection with Perkinsus protozoan in short-necked clam in Japan suggests that although the parasite has already been widely distributed in Japan, there are local differences in the incidence of the para sitism possibly related to the history of seedling introduction. Reece et al. (1996) reported that there was a difference in the DNA sequence at the nontrascribed spacer (NTS) region with geographical distribution of P. marinus.
Studies on the distribution of the Perkinsus protozoan of the short-necked clam together with local differences of their genomic DNAs will provide vari able information on the etiology of the parasite as well as on measures to avoid the risk of further spreading the infection.
